7 determined by the presence and size of different habitat types within a farm; (2) they will 131
show various response to the intensity of grassland management at the whole farm scale due 132 to their different life history and mobility, predicting stronger effect on flying organisms 133 (bees) compared to ground-dwelling arthropods (spiders); (3) local factors such as vegetation 134 structure will mostly influence the species richness and abundance of spiders, while bees are 135 better predictors in changes of plant species richness; (4) the above effects will be modulated 136 by local weather conditions through influence on activity and therefore the applicability of the 137 selected species diversity indicators. 138 139
Material and methods 140

Study sites 141
The study was conducted in 2010 in the Homokhátság ("Sand Ridge"), an alluvial plain 142 covered with Aeolian, sand-based low fertility solonchak-solonetz plains in the Kiskunság 143 region, Central-Hungary (Appendix). The region contains a mosaic of slightly undulating, 144 semi-fixed sandhillocks and flat areas of fixed sand, is extensively managed in general. Due to 145 the poor conditions and low economic power of the local land-holders; the major difference 146 between low-input and organic farms is only certification; the management was rather similar 147 on all farms (see Appendix). The major habitats of the region are unimproved semi-natural 148 grasslands and arable fields. Agro-chemicals are not applied on the grasslands, stocking rates 149 are very low (0.15-1.75 LU/ ha grassland). Zero or low inputs of fertilisers (15-50 t/4 year 150 solid cattle manure or 20-30 kg N/ha/year inorganic fertiliser) and one or two pesticide 151 applications are usual on the arable fields. We selected 18 low-input farms; that contained a 152 mosaic of fields under agricultural management and adjacent, non-managed landscape 153 elements that might be affected by farming practices. All habitats at each farm were from each other. We extracted earthworms first by using an expellant solution; after this, the 167 samples were hand-sorted to find all remaining earthworms. The expellant was prepared by 168 allyl-isothiocyanate (AITC) diluted with ethanol 70% to give a 5 g/l solution, shortly before 169 going into the field to prevent loss of irritating activity. This was diluted with water to reach a 170 concentration of 0.1 g/l in the field prior to application. Metal frames (30×30 cm) were 171 installed at each sampling locations in depth of approximately 1-2 cm to prevent the solution 172 from running off. We cleaned the sampling site from vegetation or leaves and poured two 173 doses per sampling site of 2 l of AITC solution at 5 min intervals. Emerging specimens were 174 washed with cold water. After 10 min, the soil was dug up from the metal frame to a depth of 175 20 cm. This extracted soil was put on a white plastic sheet and hand sorted for 20 minutes. 176
Earthworms were cleaned in cold water and kept in 70% ethanol solution. In the laboratory, 177 each individual was identified to species level. 178 179
Bees 180
Bees were sampled three times during May, June and August, taking one sample per plot on 181 each of the three sampling dates. Each plot was surveyed by walking along 100 m long and 29 meter wide transect over 15 min. All individual bees seen within the transect were caught with 183 an insect net, transferred into a killing jar with ethyl acetate, and identified in the laboratory. 184
Easily identifiable bumble bee species and domestic honey bees, were recorded and released 185 in the field (Móczár, 1957 (Móczár, , 1958 (Móczár, , 1960 (Móczár, , 1967 ; Schmid-Egger and Scheuchl, 1997). Sampling 186 was carried out on dry and warm days with minimal wind, between 09.00 and 18.00 o'clock, 187 which covers the daily maximum activity regime of the flying insects. were generated from 10,000 reshufflings of the sample order. 216
General linear mixed-effect models were used to study the relationship between the 217 assumed explanatory variables and the abundance and species richness of earthworms, bees 218 and spiders (GLMM, Bolker et al., 2009). We added a nested spatial random effect to account 219 for the spatial structure among the sampling plots: 1. farm -farm, where the sample was 220 taken; 2. plot -identification code of the sampling plots (eight plots per farm were sampled). 221
In the case of earthworms, only farm was applied as random factor. We did not consider the 222 samples from the same farm as independent ones because of the potential ownership effects, 223 even though they were true spatial replicates. Most of the cases the farm denoted a spatial unit 224 as well (in four cases few fields were spatially apart from the rest of the farm). Plot and farm 225 were considered nested variables for random effect terms in the analyses. In order to avoid the 226 heterogeneity in variance caused by the different sampling intensity (i.e. different number of 227 samples per habitat types per farm), the log-transformed sample number was added to the 228 linear predictor as a known coefficient (1). In the models the response variables were log(x+1) 229 transformed to fulfil the normality requirement for the model residuals. We used the following 230 explanatory variables in the evaluated models: Only seven earthworm species were collected, thus we did not apply the rarefied species 254 richness curves for earthworms. For bees, the value was not stable for any of the habitat types, 255 but it rose continuously as the number of samples increased (Fig. 1) Fig. 3 ). According to the environmental model, cloud cover had a 274 negative effect on the abundance of bees (t 126 = -2.38, p=0.01), while the air temperature had a 275 slight positive effect on species richness and abundance; post-hoc comparisons revealed that it 276 was not significant (species richness: t 126 = 0.42, p=0.66; abundance: t 126 = 0.27, p=0.78; Table  277 1). Flower cover had positive effect on bee abundance (t 126 = 10.23, p<0.001) (Fig. 4) . (Table 1, Fig. 5 ). The area of grassland had a negative effect on the species 287 richness (t 12 = -4.65, p<0.001) and abundance (t 12 = -5.27, p<0.001), while the species richness 288 (t 12 = 2.61, p=0.02) and abundance (t 12 =2.47, p=0.02) of spiders were higher in farms with 289 more grassland patches (Table 1) . Patterns of spider species richness and abundance were 290 better explained by the environmental model than either the farm or the management models 291 (Table 1) . Wind intensity negatively influenced both species richness (t 508 = -4.89, p<0.001) 292
and abundance of spiders (t 508 =-5.00, p<0.001). The minimum and maximum vegetation 293 height had a positive impact on spiders' species richness (t 508 = 2.74, p=0.006 and t 508 = 2.38, 294 p=0.01 respectively) and abundance (t 508 =3.14, p=0.001 and t 508 =2.81, p=0.005) (Fig. 6) . 295 296 4. Discussion 297
Farm composition effects 298
The rarefied species richness revealed that the spiders were numerous in the grasslands, linear 299 habitats and tree groups, in descending order. However, reliable estimation of species richness 300 required >80 samples. The high number of spider species in the linear elements and tree 301 groups highlighted the importance of these marginal habitats as sources for spill-over to 302 croplands where they contribute to biological control (Rand et al., 2006). We found similar 303 trends for bees, but the estimations were unstable. This phenomenon could be explained by 304 the high mobility of bees, which may reduce their beta diversity (Marini et al., 2011) . 305
Habitat type and farmland composition had an effect on the species richness and 306 abundance of spiders, while the species richness and abundance of earthworms and bees were 307 not affected by the presence, area or number of the various habitat types. Earthworms form 308 the greatest biomass of soil fauna in temperate grasslands; in these communities the number 309 of earthworm species ranges usually 1-15 species, but they contain mostly only 3-6 species 310 (Edwards and Bohlen, 1996). The low number of species and individuals found in our study 311 The species richness and abundance of spiders were the lowest in the crop fields, and 332 were enhanced by the number of grassland fields in the farm, but decreased by the increase in 333 total grassland area. We suggest that as the number of grassland patches increase, so does 334 habitat heterogeneity at the farm level, which contributes to the increase of spider richness 335 and abundance (Batáry et log(abundance) log(species richness) log(abundance) log(species richness) 
